Introduction 5 3
Global warming is exposing plants to unfavourable temperature fluctuations resulting 5 4 in detrimental effects on crop productivity and an ultimate threat to biodiversity and 5 5 enhanced HS tolerance in Arabidopsis, rice and tomato with increased biomass 1 0 0 (Shen et al., 2015) . Till now the knowledge about the effect of HS on tomato leaf 1 0 1 exploiting the comparative transcriptomics of contrasting cultivars in response to 1 0 2 heat is not well understood. Tomato is increasingly becoming a cash crop in regions of 1 0 3 higher temperatures (the tropics and sub-tropics) than the optimum 26/20 o C during the 1 0 4 photoperiod/dark period (Srivastava et al., 2012) . One way for developing HS-resilient crops 1 0 5 is to exploit the naturally evolved mechanistic signalling frameworks in cultivars exhibiting 1 0 6 contrasting response to HS (Challinor et al., 2014) .To uncover the HS-responsive molecular cultivars under HS to identify the best contrasting pair viz., CLN1621L (tolerant) and CA4 1 1 0 (sensitive). Comparative analysis of the heat-responsive transcriptomic signatures of leaves 1 1 1 highlighted conserved to genotype-specific reprogramming at transcriptional levels. provides a collection of heat as well as cultivar-specific genes for genetic engineering of including HS have been reported in plants (Deng et al., 2011; Seo et al., 2012 Seo et al., , 2013  3 0 2 -López et al., 2017; Calixto et al., 2018; Filichkin et al., 2018; Laloum et al., response that is elicited by ER stress and is known to protect plants from adverse 3 0 5 environmental stresses (Wan and Jiang, 2016; Li et al., 2018; Park and Park, 2019) . On the other hand, wide range of biological processes and metabolic pathways 3 0 7 belonging to various protein classes were down-regulated in both the cultivars Table S4 ). We find that 26 genes are highly up-3 0 9 1 1 regulated (≥100-folds) in both cultivars but none followed similar folds' down-3 1 0 regulation in both ( Supplementary Table S3 ). The highly expressed genes (>1000 Nearly 51% (3531) of HS-responsive genes follow cultivar-biased stress regulation, up, 874 down) DEGs in CA4 (Figure 2A ). To further discriminate the true cultivar 3 1 8 biased HS-responsive DEGs, the above genes were filtered out by adopting strict genes showed CA4-specific HS regulation while 220 up and 213 downregulated 3 2 1 genes followed CLN-specific HS response. (Figure 2A ; Supplementary Table S3 ).
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Genes exhibiting the CLN specific down-regulation were enriched in terms and GTPase activity were highlighted among the CA4-specific downregulated genes In addition, some metabolic pathways were enriched specifically in up-regulated antioxidant defense (Ding et al., 2018) . Phosphorylation is critical regulatory 3 3 7 mechanism for several HSFs (Evrard et al., 2013; Link et al., 2002) . The circadian HSP90 have been found to be critical for the maintenance of thermo-responsive 3 4 3 protein quality (Gil et al., 2017; Gil and Park, 2017) . Our data contributes to 3 4 4 identification of HS-responsive signature genes which can be exploited for 3 4 5 thermotolerance augmentation in tomato and other crop plants. Further, we assessed whether there is any inherent genotype-based difference in the conditions. For this analysis we used more stringent criteria of fold change of Table S5 ). Interestingly a Supplementary Table S5 ), this trend was also confirmed by qRT_PCR ( Figure 2F ). In addition, transcripts of an aldolase gene (Solyc04g081600) and DUF241 domain stress conditions ( Figure 2E , Supplementary Table S5 ). Gene regulation by TFs acts as focal nodes in all molecular networks. We predicted 3 6 7 1963 tomato TFs belonging to 58 families, using the TF prediction server of 35768 genes (ITAG version 3.2) as query ( Supplementary Table S6 ). Out of these, 402 TFs belonging to 46 families were found to be heat-responsive in at least one Table S6 ). Similar HS-response was evident for 201 (100 down/101 up) TFs in both 3 7 4 1 3 cultivars ( Figure 3A ). Thirty-seven TFs (29 and 16 in CLN and CA4, respectively) 3 7 5 exhibited very strong heat induction (FC>10). Thirty TFs followed conserved high 3 7 6 (FC>5) up-regulation in both the cultivars while 26 followed high (FC <-5) down-3 7 7 regulation in both the cultivars. These highly transcribed TFs include members 3 7 8 belonging to ERF (5 members), CO-like (3 members), HSFs (4 TFs); 4 members 3 7 9 each of MYB and C3H, C2C2-CO-like andNAC (2) and 1 each of B3, bHLH, bZIP, 3 8 0 C2H2, Dof1, FAR1, HD-ZIP1 and NF-YB D ( Figure 3B ). Of these, 3 TFs viz., HSFA2 ( Supplementary Table S6 ). We noted that the repressor class B HSF members Table S6 ). AtHSFA6a is induced in response to ABA, salt and drought and is ABA-dependent signalling pathway (Hwang et al., 2013 (Hwang et al., , 2017 . Further, we 4 2 0 investigated the ERF family that showed highest number of HS-responsive TFs and 4 2 1 includes AP2, DREBs and ERFs (Sakuma et al., 2002) . Various ERFs are reported 4 2 2 to mediate development and stress response but only few address their regulatory 4 2 3 role in thermotolerance (Licausi et al., 2013; Klay et al., 2014 Klay et al., , 2018 Muller and 4 2 4 Munne-Bosch 2015). Out of 147 ERFs reported in tomato 30 members followed 4 2 5 differential HS response in CLN and CA4 ( Supplementary Table S6 ). Of these, 12 4 2 6
ERFs were similarly regulated (9 up and 3 down) in both cultivars while others were 4 2 7 regulated in cultivar-biased manner. We selected 4 previously uncharacterized ERFs family that act as natural chemicals against pests like whiteflies and spider mites 4 8 5 (Alba et al., 2009; Liedl et al., 1995) . Acylsugars are produced in the tip cell of the 4 8 6 long glandular secreting trichomes using ASAT enzymes that catalyse sequential 4 8 7 addition of specific acyl chains to the sucrose molecule using acyl CoA donors 4 8 8 (Schilmiller et al., 2008; Maldonado et al., 2006) . Solyc09g014280 and Figure S11 ) are reported to be enriched in the glandular trichomes in (Supplementary Figure S12 ) showed severe drooping of leaves upon recovery after 4 9 7 being exposed to HS in comparison to vector-control plants ( Figure 4A ). Heat stress 4 9 8 results in a higher than optimal concentration of ROS that not only affect plant's 4 9 9
ability to photosynthesize but also causes cell death. These parameters are routinely 5 0 0 adopted to assess thermotolerance of plants. The suppression of ASAT gene shows in comparison to 18% in vector control plants ( Figure 4H) . Moreover, the relative 5 1 3 abundance of HS marker genes (HSFA2a/A7a/A3a, sHSP24.5 CI and HSP90) 5 1 4 ( Figure 4I ) was reduced several folds in ASAT silenced plants reiterating the fact that reporter in CA4 background and vice-versa. We find that there is one substitution of 5 2 0 'T' to 'A' in CA4 promoter, which disrupts the binding sites of two TFs namely, NFY- background is expected to reduce, indeed this was the case ( Figure 4J ). However, background ( Figure 4J ), but not in CA4 background, it appears that in addition to the 5 2 7 promoter sequence context, cultivar-differential TF pool between CLN and CA4 also 5 2 8 regulate the expression of this gene. ASAT promoter has binding sites for more than 5 2 9 15 different TFs (Supplementary Figure S13 ). Many of these TFs showed highly 5 3 0 differential expression between the two cultivars as well as cultivar-biased 5 3 1 expression ( Supplementary Table S6 and Figure 3D ). Our data provides evidence of Silencing Notabilis confers thermosensitivity in tomato 5 3 5
We then functionally validated the other tolerant-up gene, Solyc07g056570 or Notabilis (9-cis-epoxycarotenoid dioxygenase 1). Notabilis regulates the rate limiting 5 3 7 step in the ABA biosynthesis pathway, and has important role in water stress 5 3 8 tolerance as evidenced by several reports (Burbidge et al., 1999; Qin and Zeevaart, 5 3 9 1999; Luchi et al., 2001; Wan and Li, 2006; He et al., 2018) . In Arabidopsis, ABA 5 4 0 deficient and signalling mutants are involved in acquired thermotolerance acquisition 5 4 1 1 8 . In lettuce, its homolog (NCED4) is the causal gene in the 5 4 2
Htg6.1 QTL, associated with thermo-inhibition of seed germination (Huo et al., 2013) .
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Here we investigate the role of Notabilis in tomato thermotolerance. When Notabilis 5 4 4 knocked-down plants (Supplementary Figure S12) were exposed to HS and 5 4 5 assessed after recovery, they exhibited decreased thermotolerance as evidenced by 5 4 6 the morphological (severe wilting of leaves) phenotype (Figure 4A ). This is in 5 4 7 accordance with the phenotype observed in the tomato null mutant of notabilis that is 5 4 8 deficient in ABA synthesis (Burbidge et al., 1999; Thompson et al., 2000 Thompson et al., , 2004 . It is 5 4 9 known that high ABA levels cause ROS outburst. However, the leaves of Notabilis comparison to vector-control plants ( Figure 4B ). This apparent anomaly may be 5 5 2 attributed to a balance between low ROS levels due to reduced ABA levels and other was calculated under heat stress relative to respective controls which was set as 100%. All Supplemenatry methods S1 8 2 8
Filichkin SA, Hamilton M, Dharmawardhana PD, Singh SK, Sullivan C, Ben-Hur A, Reddy ASN, Jaiswal P. 2018 . Abiotic stresses modulate landscape of poplar transcriptome via alternative splicing, differential intron retention, and isoform ratio switching. Frontiers in plant science 9, 5. 
Fragkostefanakis S, Mesihovic
